An action potential causes a K efflux at a rate of 0.3-0.9 nmol K/impulse per gram muscle weight. During high intensity exercise, when millions of muscle cells are excited repeatedly, plasma K accumulation may reach values above 8 mmol/l [11, 33] . The K response to muscular contraction is an initial rapid increase in plasma concentrations followed by a slow increase until steady-state values are reached. The extent of the increase is generally related to the intensity of exercise, although inter specific differences have been reported. The K response to maximal speed is therefore greater in horses than in man and calves [8, 28, 29] , with prolonged submaximal exercis e plas ma K concentrations usually decreasing to below behind resting levels. This fact has been documented in humans [16] , in canine muscle stimulated electrically [13] and in horses [32] .
An action potential causes a K efflux at a rate of 0.3-0.9 nmol K/impulse per gram muscle weight. During high intensity exercise, when millions of muscle cells are excited repeatedly, plasma K accumulation may reach values above 8 mmol/l [11, 33] . The K response to muscular contraction is an initial rapid increase in plasma concentrations followed by a slow increase until steady-state values are reached. The extent of the increase is generally related to the intensity of exercise, although inter specific differences have been reported. The K response to maximal speed is therefore greater in horses than in man and calves [8, 28, 29] , with prolonged submaximal exercis e plas ma K concentrations usually decreasing to below behind resting levels. This fact has been documented in humans [16] , in canine muscle stimulated electrically [13] and in horses [32] .
Plasma K concentrations during exercise depend on the following factors. 1) The efflux rate from active muscles, that depends on the amount released from each active cell during each action potential, the motor units' firing rate and the muscle mass involved.
2) The rate of reuptake, mainly by the muscle itself, which is dependent on the number of Na + -K + pumps, whose density is higher in fast-twitch than in slow-twitch fibres [13] . 3) Muscle perfusion and K distribution to other tissues. 4) The haemoconcentration with sweat losses.
At the end of submaximal cycling exercise to exhaustion, Van Beaumont et al. [32] showed that twothirds of a 24% increase in plasma K levels was due to haemoconcentration and one-third was due to a true increase in plasma K content. 5) K release from the erythrocytes, which may reflect a decrease in erythrocyte K concentrations or intravascular haemolysis, as was found in endurance, horses [2] and marathon athletes [26] .
Increased K concentrations could enhance the activity of some enzymes involved in membrane transport, as well as increasing the oxygen consumption and the availability of intracellular calcium for release during activation of muscle membranes [14] . Moreover, K is important in neuromuscular function and it is possible that the balance between K efflux and influx could affect both contractile and metabolic properties of working muscle. A misbalance with an accumulation of K in the intersticial space between muscle fibres or in the extracelular space in the transverse-tubular system can reduce the membrane potential, leading to fatigue and eliciting cardiac arrhythmias [11, 15, 17] .
During training the density of Na + -K + pumps in skeletal muscle increased [4, 18] , although the best training stimulus is unknown. Medbo and Sejersted [19] reported that sprint-trained subjects have higher K concentrations both at rest and during exercise and recovery than endurance-trained subjects. More recently it has been reported that a short training period of moderate intensity results in attenuation of the increase in plasma K during high intensity exercise. This finding was consistent with a decrease in K efflux from working muscles during exercise caused by an increase in skeletal muscle Na-K-ATPase [17] .
We have previously demonstrated that significant differences in the adaptation to determined exercise intensity exist between Andalusian and other equine breeds. Andalusian horses had a higher heart rate, haemoglobin concentration, packed cell volume and plasma lactate values after a standardised exercise test than Angloarabian (AA) horses [22] . These differences were related to muscle composition, the enzyme profile and locomotor pattern [1, 21, 27] . Gluteus medium muscle of both untrained and trained Andalusian horses contains more type I fibres and less type IIA fibres than AA horses [27] . As for the enzyme profile, Andalusian horses have higher activities of lactate dehydrogenase (LDH) and glycogen phosphorylase (PHOS), and lower citrate synthetase (CS) and 3-0H-acyl coenzyme A dehydrogenase (HAD) than AA horses [1] . In locomotion, two phases can be considered in a stride, a forward and an upward phase, which are called respectively the horizontal and the vertical components of the stride. The Andalusian breed is characterised by a greater stride vertical component, a finding that was related partially to longer shoulders, forearm and metacarpus [21] . Recently, it has been confirmed that the interbreed differences in the adaptations to exercise are not only dependent on the training programmes, since they persisted after a similar training protocol, although it seems that Andalusian horses need more training time to show signs of systemic adaptations [20] .
Since most of these differences have the ability to modify plasma K levels, this study aims to describe plasma K changes induced by exercise in Andalusian and Anglo-Arabian horses. The systemic response to exercise is influenced by the fitness level. For this reason, a comparison has been made of the K response to exercise when the differences in the fitness level were less marked, i.e., after training in Andalusian and before training in Angloarabian horses. Furthermore, the influence of two training programmes on plasma K levels has been assessed. As training was different in the two breeds studied, the relationship between K and exercise intensity was evaluated. In order to avoid interbreed differences linked to the degree of physical fitness, the relative exercise intensity was expressed as cardiovascular work and glycolytic response.
Material and Methods

Horses
A total of 30 animals, 20 Andalusian (AN) and 10 Angloarabian (AA), aged between 3 and 4 years, were studied. The AN horses were stallions, 9 AA were female and 3 were stallions. No special criteria were followed in selecting these animals, although they were subjected to the same diet, handling procedures and vaccination and deworming schedules. Prior to the tests, careful respiratory, cardiovascular and locomotor examinations were carried out. Furthermore, routinely haematological and biochemical analyses were performed. The animals with poor performance or with any physical abnormality were eliminated from the study. Untrained horses during the last two weeks before starting the research because of lameness were not considered.
Training programmes AN horses:
The pre-training or breaking-in period, lasting for 5 weeks, was composed of walking and trotting exercises for 20 min/day, 5 days/week. By this time, work duration was progressively increased 5 min/ week to the 10 th week, and cantering and 5-10 min galloping exercises were introduced. After performing the first exercise test, the AN horses started a 12 weektraining programme, with daily walking (20-30 min), trotting (25-30 min) and cantering and galloping (12-15 min) exercises, 5 days/week. In this stage, the second exercise test was carried out. The total duration of the training programme was 22 weeks.
This protocol has been traditionally used at the Centre for the Selection and Training of AN horses at Jerez de la Frontera. It is intended to improve fitness before the stallions start their reproductive life and therefore it is of low intensity. Moreover, it has been shown that this reduced exercise intensity is enough to potentate aerobic capacity, since glycolytic response to exercise was significantly reduced after training [22] .
AA horses:
The training programme for jumping events for the AA horses was composed of two phases, with a total duration of 24 weeks. The phase A (8 weeks) aimed to improve physical fitness and movement coordination. Horses were exercised for 35-40 min/day, 5 days/week (5 min walking, 20 min trotting and 5-10 min galloping). During phase B (16 weeks), the AA horses were selectively trained for jumping. They performed daily exercises by walking (10 min at the beginning and 5 min at the end of each session), trotting (20-30 min) and galloping (15 min) and 3 days/week, the animals were subjected to a jumping test with 15-20 jumps at heights between 0.80 and 1.30 m [21] .
Standardised exercise test (SET)
The horses carried out SETs of increasing intensity preceded by a warming-up period at a trot velocity of 4 m/s, over a distance of 1,000 m. The SET started after a 2 min-rest-period, and was composed of four workloads at 5, 6, 7 and 8 m/sec, covering 1,000 m at each velocity. A 2 min-rest-period was allowed between workloads in order to avoid fatigue. The procedure used to standardise the velocity has already been described [21, 22] . The time was chronometered and real velocities were 4.94 ± 0.37, 6.08 ± 0.47, 7.08 ± 0.49 and 8.13 ± 0.33 m/s. A paired T test failed to demonstrate any significant difference between these real velocities and the expected ones (5, 6, 7 and 8 m/ sec).
This SET was chosen after demonstrating that it induces a plasma lactate concentration higher than the anaerobic threshold in both trained and untrained AN and AA horses [21] . It therefore seems useful to assess plasma K changes linked to exercise and training.
Two SETs were made in both breeds. SET1 was carried out after a pre-training period in the AN horses (week 10 th ) and after phase A in the AA horses (week 8 th ). SET2 was performed after 12 (week 22 nd ) and 16 weeks (week 24 th ) of training for AN and AA horses respectively.
Heart rate recording
Heart rate (HR) was monitored throughout the SETs with a Heart Rate Meter (Polar Sport Heart Rate Tester), carried by the riders on the wrist. Data were stored every 5 sec and then downloaded to a computer with an interface for later analysis. The mean HR in each exercise level was calculated after HR stabilisation. The maximum HR or peak value (HRmax) was also annotated for each workload.
Blood samples
Jugular venous blood samples were collected at rest, immediately after the warming-up period, within the first 30 sec after each exercise load and at 2, 4, 6, 8, 10, 15 and 30 min of an active recuperation at walking speed (approximate velocity 2.5 m/sec).
Blood was divided into two fractions with EDTA-3K and heparin-lithium. The first was used for haematological analysis and the second for plasma analysis after rapid centrifugation to avoid ion shifts thorough erythrocyte membranes and glycolytic processes. Both blood and plasma samples were kept on ice until their analysis, which was done within 12 hr after extraction.
Blood and plasma analysis
Packed cell volume (PCV) was measured with a semiautomatic analyser (Sysmex-F820). Plasma lactate (LA) was quantified by an enzymatic method (Analox Champion PLM5), based on the pyruvate reduction by the L-lactate oxidoreductase. Plasma potassium levels (K) and total plasma protein (TPP) were measured with an analyser with selective electrodes for electrolytes (Ciba-Corning 644) and a refractometer (Atago) respectively.
Functional indices
To assess physical shape, four functional indices were calculated. VLA2 and VLA4 were the velocities at plasma lactate levels of 2 and 4 mmol/l, respectively. They were obtained after extrapolation in the exponential relationship between plasma lactate levels (OY axis) and exercise velocity (OX axis). V150 and V200 represent the velocities at heart rates of 150 and 200 bpm respectively. They were obtained by extrapolation in the linear relationship between heart rate (OY axis) and exercise velocity (OX axis).
Filming procedures and image processing
During the SETs, the horses were filmed from the left side with a magnetoscopic camera (Sony, Video Camcorder Hi8 Handycam CCD-TR7050E), placed perpendicular to the direction of the plane of motion of the animals. The camera was placed at a sufficient distance to record field views of 25 m, in order to ensure that the horses would execute at least 5 to 6 trot strides and 4 to 5 gallop strides. Furthermore, the camera was positioned halfway along the track, so the horses had time to stabilise their stride pattern before filming.
Velocity and temporal measurements of each image were calculated with a full-motion digital video overlay and video capture board (Video Blaster SE100, Creative labs). Lineal parameters were obtained from the relationships between the temporal variables and the velocity, by the procedure described in detail by Muñoz et al. [21, 22] . All the results are presented as the mean of 5 strides at a trot and 3 or 4 at a gallop in order to guarantee reproducibility of the locomotor pattern [22] .
Locomotor pattern
The following parameters were included: stride duration (SD, s, the interval between two successive contacts of the same hoof); stride frequency (SF, strides/min, the number of strides per unit of time) and stride length (SL, m, the lineal hoof advancement during one stride).
Statistical analysis
The differences between exercise levels for each breed, as well as the changes induced by training, have been investigated by a t-test for dependent variables. A linear correlation (Pearson product -moment correlation) was used to analyse the relationships between plasma K and HR, PCV, LA, TPP, SD, SF and SL. All the statistical analysis results were considered significant at p<0.05.
Results
Data are presented as the mean ± SD (otherwise indicat ed). The evolution of the plasma K concentrations with the SETs was similar in both breeds. K increased over resting values from 6 m/sec in the AN and from 8 m/sec in the AA horses. Plasma K decreased from exercise values after 2 min of an active recuperation in both breeds (Fig. 1) . The effects of training on plasma K were more evident in the AN horses, with a smaller increase in plasma K concentrations after the different phases of the SET (rest, warming-up, workloads and recuperation period). But no such differences were detected in the AA horses (Fig. 1) . In order to minimise the effects of the different interbreed fitness levels in the metabolic response to exercise, the SET2 for AN horses was compared to the SET1 for AA horses. The values of the four functional indices, VLA2, VLA4, V150 and V200 are shown in Table 1 for both horse breeds in SET1 and SET2. The values for HR, PCV, LA, TPP, SF, SL and SD immediately after exercise (o') are shown in Table 2 . Figure 2 shows the differences in HR, PCV and plasma LA between the SET2 for AN and the SET1 for AA horses. AN horses had higher HR values for the different test workloads, as well as at 2 and 15 min of recuperation. Similarly, the plasma LA accumulation was higher in AN horses from 5 m/s, without any significant differences during the recovery period (Fig.  2) .
The mean values for plasma K, TPP and SL are shown in Fig. 3 . The plasma K concentrations were higher in AN horses at rest, during exercise and during the 30 min of active recuperation. No interbreed differences were obtained in TPP during exercise, but during the first 10 min of the recuperation period, the TPP concentrations were significantly higher in the AN group. Finally, the AA horses were characterised by having higher SL both at trotting (4 and 5 m/sec) and at galloping (6, 7, and 8 m/sec) velocities.
The correlations between plasma K, metabolic response to exercise and locomotor pattern are shown in Tables 3 and 4 , for AN and AA horses respectively.
Discussion
Exercise effects in AN and AA horses
Although both breeds were subjected to the same absolute workload, the relative intensity significantly differs, and therefore the interbreed differences must be interpreted with caution. The relative intensity of an exercise can be calculated from the following expression: %VO2max = 1.617 %HRmax -65.02, where VO2max is the maximum oxygen uptake and HRmax the maximum heart rate during exercise [6] . The individual HRmax for these animals was unknown, since the SET was not performed at maximal velocity, but according to our previous results, in both breeds, a mean of 230 bpm can be assumed [21, 22] . With the former expression, the AN horses would have been exercised at 79.94 and 72.57% and the AA horses at 62.37 and 58.76 %VO2max, before and after training respectively. The trend followed by the plasma K during the SETs was similar in the two breeds. The pattern observed is typical of prolonged submaximal physical activities, with an increase during the first exercise levels, a steady-state during the following exercise loads and a rapid decrease towards resting values after 2 min of active recuperation [31] . By contrast, during a brief high intensity exercise, there is a progressive increase in relation to work intensity [7, 11] .
The steady state of the plasma K concentrations from 6 m/sec in AN and 8 m/sec in AA horses to the end of the SET suggests that the release from muscle matched the reuptake, the intercompartimental fluid shifts due to hydrostatic (increased filtration pressure) and osmotic factors (hyperosmolality in muscle tissue) and thermoregulatory processes (lost in sweating and transpiration across respiratory mucoses). Therefore, the effect of dehydration must be considered. Toll et al. [30] described a method for calculating the decrease in plasma volume (PV) during exercise, after assuming that the total quantity of protein in the plasma compartment remained constant during exercise. Implicit in this assumption is that the protein molecules are too large to be forced out of the Fig. 2 . Mean values (± SD) for heart rate, packed cell volume and plasma lactate in Andalusian ( ) and Angloarabian ( ) horses during the standardised exercise test. Differences are marked at p<0.05.
Fig. 3.
Mean values (± SD) for plasma potassium, total plasma proteins and stride length in Andalusian ( ) and Angloarabian ( ) horses during the standardised exercise test. Differences are marked at p<0.05.
capillaries during exercise, that no proteins are added and no notable degradation or production occurs. Some studies have indicated that some protein may be lost during exercise [5] . If this was the case, the changes in PV have been 25% underestimated, although this fact, according to the results of Toll et al. PVo = 60.1 % TBV PVo' = 56.1 % TBV These calculations were also carried out for AA horses and these values were found: PVo = 60.9 % TBV and PVo' = 56.8 % TBV.
These decreases in PV (4% in AN and 2.1% in AA horses) might influence the hyperkalemia observed during exercise in the two breeds. Furthermore, the haemoconcentration would have also been related to the magnitude of the splenic mobilisation, which is proportional to the oxygen requirements in active tissues as muscles, up to when the spleen is maximally contracted [22, 24, 25] . The red blood cell volume (RBCV) can be calculated as a function of the resting TBV, using the PCV [24, 30] . According to these equations, the RBCV could account for 43.4% and 41.2% of the TBV in the AN and AA horses after exercise (39.9% and 39.1% at rest in AN and AA horses). In conclusion, although blood mobilisation from the spleen and haemoconcentration influenced the hyperkalemia observed during exercise in both equine breeds, the main factor was the efflux from the working muscles, since PCV returned to baseline values after 15 min of recuperation, as confirmed by the correlation analysis. The higher haemoconcentration in AN horses did not result from the climatic conditions. Although the SETs were carried out on different days, an ambient impact factor was obtained by adding the mean temperature (°F) and the relative humidity (%). This index ranged between 125.3 and 131.0 and an ANOVA did not reveal any significant difference between the days when the SETs were performed in the two breeds. It has been suggested that the greater sweating rate in AN horses was of concern in these results, but it has not been proven yet [21] . It has been reported that muscle K release during exercise is partially determined by the amount of active mass, so the body size should be considered, but the withers' height was 159.9 ± 2.25 and 160.5 ± 2.13 cm in AN and AA horses respectively.
Previous researches have shown that the locomotion pattern may be partly dependent on both muscle composition and metabolic profile [21, 22] . In fact, SF has been related to the amount of K released by muscle fibre. In the present work, AN and AA horses had a different locomotor pattern, with longer SL in the latter breed, and therefore, lesser SF at a defined velocity, in agreement with previous results. But these differences did not seem to generate any significant difference in the exercise-induced hyperkalemia. On the other hand, the influence of rate muscle firing cannot be omitted.
A surprising result was the lack of significant correlations between LA and K during exercise in SET1 of AN horses. Some researches have separated the effects of blood acidosis on hyperkalemia [3] . Other possible explanations are the reduction of muscle LA clearance by a reduced blood supply secondary to hypovolemia and/or a limitation in the muscle -plasma diffusion rate, after reaching high plasma LA levels [23] .
Effect of training in AN and AA horses
Since training programmes were different, no interbreed differences could be analysed.
The reduction of effort-induced hyperkalemia after training in AN horses could represent a lesser physical stress in response to the same exercise intensity. The exercise hypovolemia was less evident after training in this breed (PCV of 57.98% in SET1 and 51.90% in SET2). It has been reported that increases in PCV during physical activities increase the erythrocyte membrane surface for ion exchange in whole blood. This fact could also been implicated in the reduced hyperkalemia after training, although no conclusion can be withdrawn, since only plasma K has been considered. Moreover, other factors, such as a change in locomotion, and an increase in the density and functionality of the Na-K ATPase pump should also be related to these results.
A training programme similar to that described in the present report showed an increase in the oxidative potential and percentage of IIA fibres together with a decrease in IIB fibres and I and IIA area fibres in the inner parts of the gluteus medium muscle [27] . Although these adaptations are advantageous from a metabolic point of view (smaller distance for oxygen and metabolite diffusion), they imply a reduction in strength, since a positive correlation exists between fibre size and contractile proteins [12] . The reduction in the glycolytic response to the SET2 represents a more intense aerobic metabolism, more dependent on I and IIA fibres, and therefore less muscle acidosis and K release can be expected.
Most authors have reported a longer stride length after training [9, 10] , but the opposite has been described in AN horses [21, 22] . The reduced plasma K response to exercise in spite of this adaptation to training might indicate that the number of contractions per unit time was not the major determinant of the kalemia. It seems more likely that stride length and frequency are important in determining the initial rise in K and thereafter other factors are crucial.
Two hypotheses can be proposed to explain the lack of K changes after training in the AA breed. First, it might be thought that cardiovascular and metabolic adaptations occurred at the beginning of the training (phase A), since no differences in HR, LA, PCV or Hb were observed between SET1 and SET2 in this breed. Secondly, training for jumping implies a development of strength, being energetically dependent on anaerobic metabolism. If the active muscles have released more K after training, then more K would have been reuptaken by Na + -K + ATPase pumps, more developed in II fibres, as has been demonstrated after a short-term training [17] .
In conclusion, the main determining factor in exercise-induced hyperkalemia in the two equine breeds studied seems to be the relative intensity of the effort. The improvement in fitness in AN horses, with a trend towards a more oxidative metabolism, reduced the degree of hyperkalemia. In spite of the longer SL of both untrained and trained AA horses, the locomotor pattern has the same effect on plasma K accumulation in both breeds. Therefore, plasma K levels might indicate the degree of physical stress undergone by AN and AA horses during exercise and training.
